isolated as an anti-pernicious anemia factor in the liver (1, 2) . It has been also established that intrinsic factor in gastric juice is required for its intestinal absorp tion (3) . The complex of the vitamin with this glycoprotein traverses the small bowel to the distal ileum where Cbl is absorbed into the intestinal cells through the ileal receptor for intrinsic factor-Cbl (4, 5) . Cbl bound to transcobalamin II is taken up by the cells through the receptor for transcobalamin II (6) . Malabsorption of cobalamin leads to pernicious anemia or other metabolic disorders caused by cobalamin deficiency. Congenital intrinsic factor deficiency is known to be the most common cause of cobalamin malabsorption (7). Pentanoyl-CN-Cbl was purified by column chromatography on ODS (YMC Co., Ltd., Japan) using 50% methanol. 2-Methylbutyryl and 2,2-dimethylpro pionyl-CN-Cbl were purified by preparative TLC on silica gel using solvent A, followed by column chromatography on ODS. Determination of partition coefficients between organic and aqueous phases. Equal volumes of 1-butanol or 1-decanol and water were added to a small amount of the synthesized alkyl-Cbl or acyl-CN-Cbl. After mixing vigorously with a Vortex for 1min, the mixture was allowed to stand for 3h. Concentrations of each Cbl in the organic and aqueous phases were then determined spectrophotometrically from the absorbance at 500-525nm for alkyl-Cbl or 550nm for acyl-CN-Cbl. 1-Butanol, 1-decanol, chloroform, ethyl acetate and hexane were used as organic solvents. Determination of biological activity. Microbiological activity as Cbl was de termined by the growth-supporting effects of long chain alkyl-Cbl for Escherichia coli 215, a Cbl-or L-methionine-auxotroph (9), and Lactobacillus leichmannii (10) . The assay media and procedures were the same as those described previously (11) , except that long chain alkyl-Cbl in 70% ethanol were added to the assay media without sterilization to a final ethanol concentration of 0.7% (v/v). An EC50 value was defined as a concentration of CN-Cbl or each derivative which gives the half-maximum growth of the test organisms. The maximum growth was obtained at a CN-Cbl concentration more than 1nM for both E. coli 215 and L. leichmannii. RESULTS 
AND DISCUSSION
Confirmation of the synthesis of long chain alkyl-Cbl Long chain alkyl-Cbl purified to homogeneity showed absorption spectra quite similar to that of McCbl (data not shown). Upon acidification, the color of the synthetic compounds turned to yellow, and their spectra became identical with that of the base-off form of McCbl. As expected, the relative mobility of octyl-Cbl to CN-Cbl upon paper electrophoresis at pH 2.7 was essentially the same as that of agCbl. However, the relative mobility of octadecyl-Cbl was much smaller than expected, probably because of its high hydrophobicity. The FAB-mass spectrum of dodecyl-Cbl (MW 1,497.8) exhibited a peak of quasimolecular ion (MH+) at m/e 1499 (Fig. 1A) . The prominent peak at m/e 1330 was assigned to the fragment ion (MH+-C12H25). The same fragment ion peak (MH+-CN) was observed at m/e 1331 with authentic CN-Cbl (MW 1,355.4) (Fig. 1C) . The peaks observed at m/e 1069 and 971 were also detected with CN-Cbl. Thus, these peaks can be assigned 
Hydrophobicity of long chain alkyl-Cbl and acyl-CNV Cbl
The hydrophobicity of the alkyl-Cbl and acyl-CN-Cbl synthesized was evalu ated by TLC on silica gel in two solvent systems. As shown in Table 1 , Rf values of the derivatives become higher with increasing number of carbon atoms in an alkyl or acyl group introduced into Cbl.
Hydrophobicity was also evaluated by determination of partition coefficients of alkyl-Cbl and acyl-CN-Cbl between organic and aqueous phases. As shown in Table 2 , dodecyl-Cbl and octadecyl-Cbl, long chain homologs, were distributed chiefly into both the 1-butanol and 1-decanol phases rather than the aqueous phase, while McCbl, EtCbl, short chain homologs, were distributed chiefly into the aqueous phase. Middle chain homologs, such as hexyl-Cbl and octyl-Cbl, were distributed chiefly into the organic layer in the 1-butanol/water system and in the aqueous layer in the 1-decanol/water system. Similar results were obtained with acyl-CN-Cbl homologs (Table 2) . Therefore, it was concluded that increasing hydrophobicity of alkyl-Cbl and aryl-CN-Cbl was obtained by increasing length of an alkyl or acyl group introduced into Cbl. When chloroform, ethyl acetate or hexane was used as an organic solvent, essentially no distribution into an organic phase was observed. A strong correlation has been reported between cellular uptake of porphyrins in V79 Chinese hamster cells and their distribution into octanol (13) . Hence, the hydrophobic derivatives of Cbl reported in this paper may be taken up into cells by passive diffusion.
Conversion of long chain alkyl-Cbl to aqCbl
Like McCbl and EtCbl (14, 15) , long chain alkyl-Cbl in 30% ethanol under went photolytic cleavage of the Co-C bond forming aqCbl. Upon photolysis, spectra of alkyl-Cbl changed to that of aqCbl with several isosbestic points. This result suggests that alkyl-Cbl are almost directly converted to aqCbl-that is, CblII, an intermediate in the photolytic process (16) , is very short-lived. The rate of photolysis of alkyl-Cbl obeyed first-order kinetics. The effect of chain length on the fi rst-order rate constant (k) is shown in Fig. 2 . Except for McCbl, the rate constant decreased with chain length of an alkyl group. This can be explained by assuming recombination of CblII with an alkyl radical formed. Longer chain alkyl radicals may be kept near the place of formation by hydrophobic interaction with the corrin Fig. 2 Effects of incorporation of methyl group(s) on stability of acyl-CN-Cbl To improve the lability of acyl-CN-Cbl to hydrolysis, the effects of incorpora tion of methyl group(s) into the a position of an acyl group were studied. The rates Biological activity Microbiological activities of long chain alkyl-Cbl were determined in the dark with E. coli 215, a Cbl-or L-methionine-auxotroph, and L. leichmannii as test organisms. As shown in Table 3 , all the derivatives tested showed significant growth-supporting activity (Cbl activity). Although the extents of the maximum growth reached with alkyl-Cbl were the same as those obtained with CN-Cbl, there seems to be an optimum length of an alkyl group for the efficiency as Cbl expressed in terms of EC50. Relative microbiological activity of alkyl-Cbl was defined here as EC50, CN-Cbi/EC50, alkyl-Cbl, which represents the relative efficiency of alkyl-Cbl to that of CN-Cbl. The most active hydrophobic alkyl-Cbl for E. coli 215 was octyl and dodecyl-Cbl which showed ca. 28% activity of CN-Cbl. Toward L. leichmannii, longer chain alkyl-Cbl showed higher Cbl activity. Octadecyl-Cbl, the most active one, was ca. 15% as active as CN-Cbl. It is known that Cbl exerts its biological activity by being reduced to Cb1I and then converted into two coenzyme forms, AdoCbl and McCbl. The former serves as coenzyme for ribonucleotide reductase of L. leichmannii (17) and the latter for methionine synthase of E. coli (18) . Therefore, it is likely that a long chain alkyl-Cbl is incorporated into bacterial cells, dealkylated and converted into AdoCbl and McCbl, although the mechanisms of uptake and dealkylation remain to be elucidated. The optimum length of an alkyl group for the uptake or the dealkylation reaction may be different between E. coli and L. leichmannii.
Determination of biological activities of long chain acyl-CN-Cbl was difficult, since the derivatives tested were susceptible to hydrolysis even under neutral conditions. Much more stable acyl-CN-Cbl are desirable.
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